Abstract. The advent of remote sensing, the development of new optical instrumentation, and the associated advances in hydrological optics have transformed oceanography: it is now feasible to describe ocean-scale biogeochemical dynamics from satellite observations, verified and complemented by measurements from optical sensors on profilers, moorings, and drifters. Only near-surface observations are common to both remote sensing and in situ observation, so it is critical to understand processes in the upper euphotic zone. Unfortunately, the biological principles that must be used to interpret optical variability near the sea surface are weaker than we would like, because relatively few experiments and analyses have examined bio-optical relationships under high irradiance characteristic of the upper optical depth. Special consideration of this stratum is justified, because there is good evidence that bio-optical relationships are altered near the surface: (1) the fluorescence yield from chlorophyll declines, leading to bias in the estimation of pigment from fluorometry; (2) the modeled relationship between solar-stimulated fluorescence and photosynthesis seems to deviate significantly from that presented for the lower euphotic zone; and (3) carbon-specific and cellular attenuation cross sections of phytoplankton change substantially during exposures to bright light. Even the measurement of primary productivity is problematic near the sea surface, because vertical mixing is not simulated and artifactual inhibition of photosynthesis can result. These problems can be addressed by focusing more sampling effort, experimental simulation, and analytical consideration on the upper optical depth and by shortening timescales for the measurement of marine photosynthesis. Special efforts to study near-surface processes are justified, because new bio-optical algorithms will require quantitative descriptions of the responses of phytoplankton to bright light.
Introduction
Optical measurements are a window for observing biological dynamics in the ocean. A prime example is the coastal zone color scanner (CZCS), whose images of ocean color have transformed perceptions of biological variability in the sea and have established the feasibility of using satellites for estimating marine primary productivity and biogeochemical fluxes [e.g., Dugdale et al., 1989; Platt et al., 1991; Lewis, 1992] . Descriptions of oceanic processes from satellite observations are evaluated and complemented by measurements from optical sensors on profilers, moorings, and drifters. Already, in situ optical instruments are providing unprecedented records of bio-optical variability at sea [Dickey, 1991; Abbott et al., this issue] . Development of new instruments and accelerating collection of data virtually assure that hydrological optics will figure prominently in the future of aquatic studies.
Appropriate validation and accurate biological interpretations are crucial to effective use of optical measurements for describing oceanic properties. Because only near-surface observations are common to both remote sensing and in situ observation, processes in the upper euphotic zone merit special attention. Unfortunately, near surface conditions (high irradiance, often with chronically low concentrations of nutrients) are rarely reproduced in the laboratory; the biological principles that must be used for interpreting bio-optical variability near the sea surface are therefore weaker than we would like, in large part because they rely heavily on observations of phytoplankton grown at lower irradiance• There is good reason to expect bio-optical relationships to be different near the surface as compared to the lower euphotic zone. For example, bright light induces a quenching of stimulated fluorescence that can bias in vivo estimates of chlorophyll; backscatter and poorly understood changes in fluorescence yield complicate the estimation of near-surface chlorophyll and productivity from upwelling radiance at 683 nm (natural fluorescence); bright light and the cell division cycle cause changes in the optical characteristics of phytoplankton, affecting both beam attenuation as a measure of particle dynamics and the fundamental relationships that result in satellite-sensed waterleaving radiance; and artifactual inhibition of photosynthesis satellites. The bio-optical models and parameterizations that can be used to interpret these observations (for a review see Bidigare et al., [1992] ) are, however, seldom based exclusively on data representative of near-surface conditions. This is not necessarily a problem, and, in fact, it represents a strength, unless the underlying generalizations fail under conditions encountered in the upper optical depth. It is therefore important to know if biooptical relationships change near the surface. This requires appropriate sampling and experimentation.
Sampling Effort at Sea
When the distributions and activities of marine phytoplankton are studied, sampling is generally concentrated in the lower euphotic zone. For a typical cruise (Figure 1 ), only 10% of the observations come from depths that contribute 88% of the waterleaving signal. Potentially important near-surface processes or relationships are thus easily overlooked in models or calibrations. Clearly, sampling strategies should be modified if we are to improve biological interpretations of optical measurements near the sea surface. For the present, analyses can be focused on biooptical relationships that might be peculiar to near-surface watersø 
Conditions in the Laboratory
The transmission of light in oceanic waters is strongly influenced by phytoplankton [Morel, 1988] , so it is important to understand the optical properties of these living particles. A key objective is to describe the influence of biological processes on the apparent [e.g., Smith and Baker, 1978] We have purposely presented our Lu683:P ratio in arbitrary units to quell any thoughts of using data from only one station for an empirical algorithm relating photosynthesis to fluorescence. Only shapes of the two relationships in Figure 4b should be compared. Given the variability in measurements presented to date, it would be difficult to distinguish between the shape of the equatorial relationship and that of the Chainberlin et al. [1990] model for irradiance less than about 800/.tmol m' 2 s' • (i.e., the range of irradiance for which the algorithm was originally intended). We conclude from this comparison that (1) afternoon profiles, due to physiological processes and changes in the particle-size spectrum) must be specified to interpret beam c in this context [Cullen et al., 1992a] . Once the parameters are chosen, p, P, and C:chla are specified. The simple optical model in Table 1 uses reasonable guesses for This could confound efforts to use beam c as a measure of particulate carbon. We suggest that if beam attenuation is to be used to measure particle dynamics as a complement to remote sensing, more attention should be focused on the possible causes of variable carbon-specific attenuation in nature.
Conclusions
The unique nature of the light environment of the upper euphotic zone has significant implications for the remote sensing of both the pigment concentration and the rate of primary productivity in the ocean. Future space-based ocean color missions and the increased attention being paid to autonomous The measurements that we have discussed, stimulated fluorescence, natural fluorescence, beam attenuation, and nearsurface photosynthesis, will be used to relate remotely sensed information to biological processes in the sea. We have identified problems in making or interpreting these measurements near the sea surface. Although we can not fully explain or quantify the processes that cause errors in our measurements, we can make reasonable corrections or modifications to methods, thereby obtaining better information for developing and validating biooptical models for remote sensing. 
